• NT-proBNP levels and echocardiographic parameters of cardiac dysfunction are correlated with cirrhosis severity, and could help establish prognosis. NT-proBNP could be used as a screening test in cirrhosis, with the intention of selecting patients in which cardiological consultation and echocardiography are required.
dard transthoracic echocardiography was performed in all patients. Plasma NT-proBNP levels were determined. Liver disease severity in patients with cirrhosis was established by Child-Pugh class, MELD score and presence/absence of ascites. Results: Plasma levels of NT-proBNP were significantly higher in cirrhotic patients than the corresponding levels in the healthy subjects. NT-proBNP levels were also significantly elevated in Child-Pugh class C patients compared to those in class B and A. Left atrium (LA) size, diastolic function, left ventricular (LV) wall thickness, and LV ejection fraction were significantly altered in cirrhotic patients compared to controls. Advanced cirrhosis and high levels of NT-proBNP were significantly associated with increased LA volume and signs of cardiac diastolic dysfunction. We also observed significant differences between quartile groups of MELD score for the following: NT-proBNP, Troponin I, LA volume, left ventricle
Introduction
Cirrhosis is a diffuse and irreversible liver disease characterized by regenerative nodules surrounded by fibrous bands, leading to portal hypertension and ultimately liver failure. It is a major problem for the healthcare system because of high prevalence and mortality. Liver cirrhosis is a hyperdynamic condition characterized by increased cardiac output and decreased peripheral vascular resistance [1, 2] . Because of this hemodynamic profile, a number of cardiac abnormalities can develop, leading to cirrhotic cardiomyopathy which includes abnormal contractile response to stress and/or altered diastolic relaxation with electrophysiological abnormalities, in the absence of known cardiac disease [3] [4] [5] .
The natriuretic peptides that are released by cardiomyocytes in response to cardiac volume or pressure overload play an important role in the diagnosis of asymptomatic left ventricular (LV) dysfunction and also have a prognostic role in heart failure [6] . Furthermore, recent studies have shown that increased levels of NT-proBNP are present in patients with chronic liver disease, and particularly in ascitic cirrhosis [7] [8] [9] [10] [11] even in the absence of LV clinical dysfunction. Because they seem to be related to the severity of liver disease and of cardiac dysfunction, they could be useful markers to identify cirrhotic patients with increased cardiovascular risk and therefore poor prognosis.
This study was performed to evaluate the correlations between liver cirrhosis severity and cardiac function assessed through echocardiography and NT-proBNP.
Material and Methods

Study Population
This prospective study included 82 patients diagnosed with liver cirrhosis at different degrees of disease evolution, admitted to the Emergency County Hospital from Craiova between October 2015 and September 2016. The study group was age-and sexmatched with 120 healthy subjects without known history of cardiac, hepatic, or kidney disease.
The inclusion criteria were: age over 25 years and diagnosis of cirrhosis confirmed by analysis of clinical and paraclinical data (laboratory examinations, abdominal ultrasound). Exclusion criteria were: known cardiac disease (including, but not restricted to: ischemic and non-ischemic cardiopathy, valvular heart disease, congenital heart disease, rhythm or conduction disorders, arterial hypertension, etc.) and patients with known kidney disease (including those with eGFR < 90 mL/min/1.73 m 2 ). Additionally, for the control group, a recent intake of drugs that could affect heart or liver function was considered exclusion criterion.
The study was reviewed and approved by the Institutional Review Board of the University of Medicine and Pharmacy of Craiova. All subjects gave informed consent to participate in the study.
Transthoracic echocardiography was performed on the first day of hospitalization, before paracentesis, using commercially available ultrasound equipment (Toshiba Aplio 400). Subjects were examined positioned in the left lateral decubitus and parasternal long axis views and apical 4-, 3-, 2-chamber views were recorded at a frame rate of minimum 60 fps, during breath hold. All measurements were done according to the American Society of Echocardiography and the European Association of Cardiovascular Imaging Recommendations for Cardiac Chamber Quantification by Echocardiography in Adults [12] .
LV volumes were obtained from the apical 2-and 4-chamber projections. Ejection fraction was calculated using modified Simpson's rule. Additionally, systolic myocardial velocity derived from pulsed-wave Tissue Doppler imaging (TDI; Fig. 1 a, b) were used for the evaluation of LV systolic function. Left atrium (LA) volume was measured from 4-chamber view in end-systole because in some patients, the biplane planimetry was not feasible due to suboptimal 2-chamber LA visualization. This method usually underestimates LA volume but has shown a good correlation with the biplane method and 3-dimensional echocardiography measurements [13] . Early (E) and late (A) peak velocities and their ratio were calculated. The ratio between E and early (e') diastolic mean (septal and lateral mitral annulus) TDI velocity was used to estimate LV filling pressures.
For grading diastolic dysfunction, we used the echocardiographic criteria latest updated by American Society of Echocardiography in collaboration with European Association for Cardiovascular Imaging: grade I dysfunction -E ≤ 50 cm/s and E/A ≤ 0.8; grade II -E > 50 cm/s and E/A ≤ 0.8 or E/A = 0.8-2, and at least 2 criteria of the following: E/e' = 10-14, tricuspid regurgitation velocity > 2.8 m/s and/or LA indexed volume > 34 mL/m 2 ; grade III -E/A > 2 [14] .
Myocardial deformation was analyzed using an 18 segments model. The beginning of systole was set as the frame of mitral valve closure, whereas end-systole was defined as the end of the aortic flow from the pulsed-wave Doppler recording from the LV out-flow tract. The analysis was performed by manually tracking the endocardium border and adjusting the range of interest according to the myocardial thickness. LV global longitudinal strain (GLS) values for the myocardial layer were measured.
Laboratory Tests
Blood was drawn immediately after hospitalization from a forearm vein after at least 10 min of resting supine, collected in standard sampling tubes for NT-proBNP and troponin analysis, and in appropriate tubes for other laboratory determinations. A NT-ProBNP and Cirrhotic Cardiomyopathy In patients with liver cirrhosis included in our study ( a ), we found low velocities of the systolic and diastolic waves at the septal level (e.g., S = 9.3 cm/s, e' = 6.5 cm/s and a' = 9.1 cm/s) compared to healthy subjects ( b ) included in the control group (S = 13.6 cm/s, e' = 16.1 cm/s and a' = 10.6 cm/s). a = S wave, b = e' wave and c = a' wave. Data are expressed as means ± SD. TnI, troponin I; LAD, left atrium diameter; LA, left atrium; IVST, interventricular septum thickness; PWT, posterior wall thickness; LVDD, left ventricle diastolic diameter; LVSD, left ventricle systolic diameter; RVD, right ventricle diameter; RAD, right atrium diameter; EDT, E wave deceleration time; GLS, global longitudinal strain; LVEF, left ventricular ejection fraction; ns, not significant. complete blood count, prothrombin time, and liver and renal function tests were performed using standard laboratory automated techniques.
Plasma levels of NT-proBNP were determined by commercial analysis (Vitros NT-proBNP, Ortho-Clinical Diagnostics, Inc.). Blood samples from cirrhotic patients and controls were centrifuged at 2,000 rpm for 15 min at room temperature. The supernatant plasma was recovered and stored at -80 ° C until analysis.
Troponin I (TnI) was measured using the cTNI Flex reagent cartridge on a Dimension Vista ® System, Siemens Healthcare Diagnostics The lowest measurement on the cTNI Flex cartridge is 0.02 ng/mL; values above 0.05 ng/mL were considered elev ated.
All the variables were measured before paracentesis, except body mass index, which was calculated after paracentesis. Prior medication of patients was not stopped prior to measurements.
Statistical analysis was performed using XLSTAT 2014 for MS Excel (Addinsoft SARL, Paris, France) and SPSS software (IBM SPSS Statistics, version 20.0). Results are reported as mean ± SD. The Student t test was used to compare the continuous variables when the normality hypothesis was met; if not, nonparametric tests (Mann-Whitney or Kruskal-Wallis) were performed. We also used one-way ANOVA with Bonferroni's post hoc analysis in order to compare the means of more than 2 groups. The categorical variables were analyzed using chi-square test or Fisher's F test, as appropriate. A p < 0.05 value was considered statistically significant for the comparison of several groups.
Results
Clinicopathological Features
The demographical, clinical, and standard biological characteristics of the subjects are presented in Table 1 .
The study group included 82 patients diagnosed with cirrhosis (61% men, mean age 55.2 ± 9.5). Most patients (80.4%) had alcoholic cirrhosis, and of those with viral etiology 3 quarters (almost 14.6% of the total) had viral hepatitis B, the rest of 4.8% with etiology of viral hepatitis C. According to Child-Pugh classification, the distribution of patients was as follows: 14 patients (17.07%) in class A; 26 patients (31.71%) in Class B and the remaining 42 patients (51.22%) in Class C. Furthermore, all 82 patients were subdivided according to the presence or absence of ascites; 62 of 82 (75.6%) were patients with ascites being on diuretic therapy or required paracentesis; the remaining 20 (24.4%) were without ascites.
NT-proBNP and Echocardiographic Changes Based on Clinicopathological Features
As can be seen in Table 2 , cirrhotic patients showed significantly higher plasma levels of NT-proBNP than controls ( Fig. 2 a) . LA diameter and volume, right atrium diameter, diastolic function (as estimated by transmitral flow pattern and Tissue Doppler), and systolic function (LV ejection fraction and GLS) were significantly altered in patients with cirrhosis compared to controls. Diastolic dysfunction was more frequent, and it was significantly more severe in the cirrhosis group ( Fig. 3 ) .
To ascertain whether there is a relationship between echocardiography abnormalities or NT-proBNP levels ( Fig. 2 b-d ) and the severity of liver disease in the group with cirrhosis, we analyzed their relation to MELD score, Child-Pugh class, or the presence/absence of ascites. We observed significant differences between quartile groups of MELD score for the following: NT-proBNP, TnI, LA volume, left ventricle wall thickness, lateral wall and septum systolic tissue Doppler velocities, and GLS ( Table 3 ) . We analyzed the correlations between the studied parameters and MELD score ( Table 4 ) ; the only significant results were for NT-proBNP ( r = 0.49, p < 0.0001) and LA volume ( r = 0.3, p = 0.0091).
Child-Pugh classification is used for the prognosis of patients with liver cirrhosis. We analyzed the statistical differences between the variables measured by ChildPugh class. As can be seen in Table 5 , several clinical-biological parameters correlated significantly with the Child-Pugh class. The presence of a direct correlation among NT-proBNP, TnI, and LA volume with the severity of cirrhosis is noteworthy.
Finally, we compared patients depending on the presence of ascites. Patients with ascites had significantly higher levels of NT-proBNP and TnI, LA enlargement, right heart enlargement, lower TDI lateral mitral annulus e', and higher LV ejection fraction ( Table 6 ).
Discussion
In this study, we observed an increase in levels of NTproBNP as well as echocardiographic changes such as increased LA volume and lower ejection fraction in patients with cirrhosis compared to the control group. There is a strong correlation between NT-proBNP and atrial volumes. We also noticed that patients with ascites compared to those without ascites had elevated levels of NTproBNP and higher atrial volumes. These findings could be the expression of the hyperdynamic syndrome [5, 6, 10] . Levels of NT-proBNP were increased in the presence of ascites, probably due to increased fluid retention in these patients. Ascitic patients also had higher atrial volumes. These data suggest that NT-proBNP could be used as a marker of subclinical cardiac dysfunction involved in hepatic decompensation. A study by Henriksen et al. [7] showed that NT-proBNP level is significantly increased in patients with advanced cirrhosis and that it is closely related to BNP concentrations; however, in cirrhotic patients, there were no signs of reduced hepatic degradation of NT-proBNP or BNP, suggesting that high values of NT-proBNP and BNP are related to cirrhosis severity markers, indicating the presence of cardiac dysfunction in advanced cirrhosis. Compared to other tests that are costly and often do not correlate well with patient symptoms, natriuretic peptides are important diagnostic markers also assessing the severity and prognosis in heart failure. Type B of the natriuretic peptide (BNP) is a neurohormone synthesized in the ventricles. BNP originates from its pre-proBNP precursor, subsequently cleaved enzymatically in NT-proBNP, depending on the extent of ventricular myocytes mechanical stress [15] . In heart failure, circulating levels of BNP are constantly increased [16] . The measurement of plasma BNP and NT-proBNP was shown to be of diagnostic value in congestive heart failure. Moreover, they could be used to adjust treatment, and have been shown to be strong prognostic markers in acute and chronic heart failure independent of standard echocardiographic parameters [6, 17, 18] . NT-proBNP is influenced by age and glomerular filtration rate. The normal values are < 125 pg/mL in patients younger than 75 years, and < 450 pg/mL in patients over 75 years [15] . Despite this influence of age and kidney function, NTproBNP is considered to be a much better marker of cardiac dysfunction compared to BNP, as it is more stable, and less sensitive to rapid fluctuations due to short-term stimulus secretion [19] .
The prognostic value of other markers of cardiac dysfunction or inflammation has been investigated in a study by Wiese et al. [20] , which found significant association with disease severity, degree of portal hypertension and survival in cirrhosis for soluble urokinase-type plasminogen activator receptor and high sensitivity Troponin T. In our study, TnI was not significantly changed in cirrhosis Med Princ Pract DOI: 10.1159/000499930 compared to the control group, but it was increased in more severe cases. This could also be a marker of myocardial damage [21] .
In our study, the prevalence of diastolic dysfunction in patients with cirrhosis was 51.3%, in most cases being mild. Diastolic dysfunction is a known feature in cirrhosis [22, 23] . Its pathophysiological substratum is probably increased stiffness of the myocardial wall, most likely due to a combination of mild myocardial hypertrophy, fibrosis, and subendothelial edema [24] . The results of studies reporting diastolic dysfunction in patients with cirrhosis are conflicting. In some studies, diagnosis of diastolic dysfunction was mainly based on the modification of mitral flow variables [25, 26] . The ratio between early and late left ventricle diastolic filling (E/A), commonly used for estimating diastolic function in medical practice is often prone to errors and is largely dependent on preload. In the case of abnormal LV relaxation and increased left atrial pressure, a pseudo-normalization of the mitral influx may occur, which masks the presence of diastolic dysfunction. The use of TDI may overcome some of these problems because this method is less influenced by changes in ventricular filling [27] [28] [29] .
The primary limitation of this study is the relatively small number of patients. Second, since most patients had alcoholic cirrhosis, a possible co-existence of alcoholic myocardial dysfunction in some cases cannot be excluded. In fact, this could partly explain the relatively low LV ejection fraction in the cirrhosis group. Further prospective studies with serial measurements of LVEF would be valuable. Finally, direct hemodynamic assessment of splanchnic or systemic circulation was not done, so we do not have data about cardiac output, systemic vascular resistance, or portal venous pressure.
Conclusions
Our study has shown that patients with cirrhosis have echocardiographic (increased LA volume) and biochemical (higher levels of NT-proBNP) signs of subclinical cardiac dysfunction, directly related to liver disease severity.
Disclosure Statement
The authors declare that they have no conflicts of interest to disclose. Data are expressed as means ± SD. BMI, body mass index; TnI, troponin I; LAD, left atrium diameter; LA, left atrium; IVST, in-terventricular septum thickness; PWT, posterior wall thickness; LVDD, left ventricle diastolic diameter; LVSD, left ventricle systolic diameter; RVD, right ventricle diameter; RAD, right atrium diameter; EDT, E wave deceleration time; GLS, global longitudinal strain; LVEF, left ventricular ejection fraction; ns, not significant.
